Introduction
The tin oxide (SnO) molecule has been a subject of experimental interest for several years. 13 Chemiluminescent spectra of SnO have revealed the existence of several emission systems in the visible and ultraviolet region. The tin, oxide molecule is a candidate for chemical lasers because of the high photon yields (-50%) of the Sn + N 2 0 reaction. 3
As pointed out by Huber and Herzberg 4 several bands observed in the visible and near UV region for SnO have not been interpreted satisfactorily.
Theoretical studies of excited states of SnO molecule have not been undertaken so far. Our present efforts are directed towards filling this gap.
Calculations also near completion for PbO and the present results will be of interest in comparison.
The tin oxide molecule has a closed shell ground state. Promotion of either a c or a 11 electron to the antibonding rc orbital leads to 8 A-S states which are split by spin-orbit interaction into 15 w-w states.
Our calculations were carried out with the method formulated by Christiansen, Balasubramanian and Pitzer for diatomics containing very heavy atoms. 5 This method was found to be very successful for computing the spectroscopic properties of the several low lying electronic states of T1H5 , Pb 2 and Sn 2 . 6 ' 7 Relativistic quantum chemical calculations have been reviewed recently; 8 an earlier review 9 discusses more broadly the effect of relativity on chemical properties.
Method of Calculations
First we show in Table 1 the symmetry relationship and the dissociation limits of a few low lying electronic states of the tin oxide molecule. In that table we have shown the possible electronic states in both A-S and u-w coupling schemes. Table 2 shows the dissociation limits of these electronic 2 I.
states.
The properties of the atomic states of both Sn and Pb atom have been described in our earlier paper on the Pb 2 and Sn 2 molecules. 7 Readers are referred to that paper for the description of the atomic states in both L-S and j-j coupling. The spin-orbit interaction for the oxygen atom is very small and can be ignored for our purposes.
We Table 3 . For other symmetries there are somewhat fewer states mixed by the spin-orbit interaction; also we made less effort to account for electron correlation over the full dissociation process. Thus the numbers of configurations for other symmetries are somewhat smaller as shown in Table 3 .
Our SCF calculations were carried out using relativistic effective potentials for the Sn atom obtained from numerical Dirac-Fock calculations. were based on the most appropriate set of SCF orbitals.
Calculations were made both with and without the spin-orbit term.
The effect of the spin-orbit term on the energy is small in all cases;
hence we report only the results without the spin-orbit term. The spin-orbit 3 term does cause significant mixing of states, most notably 1 1I 1 with Tll and this has a major effect on transition probabilities, but the effect on the energy was small.
For the more highly excited states, our calculations are considerably 1+ 3+3 less accurate than for the E E , and A states. For our program using Cartesian orbitals,. different C symmetries involve the same Cartesian COV orbitals but with different sign relationships among the coefficients.
While the program in principle maintains the starting symmetry, in practice any asymmetry from the SCF orbitals or from round-off effects can cause a collapse from a high-energy root of the desired C symmetry to a lower COV energy root of the same C 2 symmetry but a different C symmetry. Thus COV the more highly excited states were calculated using only those reference configurations primarily involved and the results should be regarded as relatively rough estimates of the properties of these states.
Results and Comparison with Experiments
The results are summarized in Table 5 as the derived spectroscopic properties T, Re and We for the seven A-S states without the spin-orbit interaction. As noted above, the effect of the spin-orbit term on these values is small for SnO. The original calculated energies at a sequence of interatomic distances are given in Table 6 ; a few of the potential curves are shown in Fig. 1 seems reasonable, but our calculated T of 26,700 cm is considerably lower. Since this is a fourth excited one state, our calculated value cannot be regarded as very reliable. There may be substantial mixing of one states by the spin-orbit interaction which we were unable to include in our calculations.
The calculated characteristics R e e and w of the ground state agree reasonably well with experiment. Our dissociation energy, based on the calculation at 8 bohr, of 3.70 eV is considerably smaller than the experimental value 4 of 5.49 eV. This probably arises from inadequacies in our CI which is extensive but far from complete.
The calculated vibration frequencies agree very well with experiment 23* for the ground state and the a ir it excited configuration in either the but our calculations are less reliable for these more highly excited states.
Discussion
Although the effect of the spin-orbit term on energies is not very large for SnO it can cause large mixing of states of nearly equal energy. It is apparent from Fig. 1 and Table 6 that there will be extensive mixing for 1 states between 3.25 and 3.6 Bohr. States of this symmetry arise from 
